This article presents evidence on the relationship between compensation ratios and spans of control within hierarchical organizations. We find that compensation ratios are lower than span of control at any position within the hierarchy, which is consistent with an elasticity of compensation to a number of subordinates lower than one. Managers' human capital endowments determine a significant part of the salary differences throughout hierarchical levels, as predicted by models of talent allocation in hierarchies. Differences in the size of firms should be attributed more to differences in their number of hierarchical levels than to variations in the span of control.
I. Introduction
Organizational hierarchies are characterized by two main features: the span of control in each managerial position and the evolution of salaries throughout hierarchical levels. A significant amount of work has been done on the distribution of salaries in multilevel organizations, but research into the span of control, and especially the relationship between salaries and span of control in intermediate hierarchical levels, is much more scarce.
1 This article contributes to the understanding of hierarchical organizations by providing empirical evidence on the evolution of salaries and span of control throughout hierarchical organizations as the result of allocating managerial talent in multilevel job positions in a sample of Spanish firms. We also provide evidence that the evolution may be the result of a rational process of managerial talent allocation, where talent is approximated by managers' human capital.
Earlier theoretical papers on the internal organization of firms (Simon 1957; Williamson 1967 ) model hierarchies by assuming that salaries and span of control are exogenous to the model. Later, Beckmann (1977) assumes that firms choose the span of control to mitigate the "loss of control" that occurs in hierarchies, but salaries are still exogenous. Geanakoplos and Milgrom (1991) analyze the optimal allocation of managerial time in order to coordinate the decisions of imperfectly informed employees, deriving implications for salaries and span of control. In all this literature, the hierarchy is viewed as a coordinating device. Incentive issues are introduced in Calvo and Wellisz (1978, 1979) and Qian (1994) , but only Qian (1994) models the two features of the hierarchy, salaries and span of control, though assuming homogeneous managers and workers. Another line of research (Rosen 1982; Waldman 1984; Gibbons and Waldman 1999) investigates the allocation of different talented managers to previously established job positions, with implications for wage formation. However, this ignores the issue of the span of control at the different hierarchical levels.
In order to guide the empirical research, we extend the classical hierarchical models of coordination with loss of control, assuming that the profit-maximizing firm can chose managers with different human capital endowments to be placed in each hierarchical position. Managers who are more talented lower the control loss and improve overall productivity, but they earn higher salaries and increase production costs. By choosing the profit-maximizing level of human capital in each position, firms are endogenously determining the span of control and the salaries earned by the manager. 1 Some relevant papers on the distribution of salaries in hierarchical organizations are Lazear (1992) ; Baker, Gibbs, Holmstrom (1993 , 1994a , 1994b ; Lambert, Larcker, and Weigelt (1993) ; Main, O'Reilly, and Wade (1993) ; and Eriksson (1999) . There is also an extensive literature on the relationship between top managers' compensation and firms' size; see Rosen (1992) or Murphy (1985 Murphy ( , 1999 for a synthesis. Extensions of these analyses to intermediate hierarchical levels are scarce (Gerhart and Milkovich 1990; Leonard 1990) , and the only evidence on the evolution of the span of control and compensation at middle hierarchical levels that we are aware of is Baker et al. (1993) . 2 The static nature of the model drives us to ignore the problems of asymmetric information on managers' intrinsic ability and the consequences of learning about this over time (as analyzed by Gibbons and Waldman 1999) .
The empirical framework predicts that, under convex cost functions of human capital production, firms choose a span of control greater than one in each hierarchical level, so the usual inverted tree structure emerges. Firms also want managers who are more talented to be allocated into higher hierarchical positions, so we should observe higher salaries being paid in these positions. Moreover, in the profit-maximizing solution, the ratio between compensations of managers and of their direct subordinates is lower than managers' span of control. This result has implications for the value of the elasticity of substitution between managers and direct subordinates in a given hierarchical level and for the elasticity of managers' compensation with respect to the size of the firm.
The empirical evidence is presented in three ways. First, we estimate the average ratio of compensation between managers and their direct subordinates, and compare it with the managers' span of control at each hierarchical level, using data from a large sample of Spanish firms and managers. The comparison will provide evidence about elasticity of substitution between managers and their direct subordinates, greater than one.
Second, the empirical analysis is extended to evaluate the proportion of compensation variance throughout hierarchical levels in the same sample, which is explained by differences in the endowment of human capital in each level. This is relevant because theories such as efficiency wages (Calvo and Wellisz 1978, 1979; Qian 1994, e.g.) and tournament competition (Lazear and Rosen 1981; Rosen 1986, e.g.) predict that salaries will increase throughout hierarchical levels even when the manager population is homogeneous in talent, due to incentive reasons. However, our framework and in general the optimal human capital allocation models (Rosen 1982; Waldman 1984, e.g ) explain compensation differences as a function of heterogeneity in ability and talent.
Third, we decompose the elasticity of compensation to the size of resources under control for the managers in the sample, in intra-and interlevel effects. Since the latter appear to be more important than the former, we conclude that in the firms of the sample, differences in their size are explained more by differences in their number of hierarchical levels than by differences in their span of control within a level. This result helps to explain variations in the estimated elasticity of managerial compensation to the size of the firm. Rosen (1992) reports that many studies find an elasticity of around 0.25 in samples of top managers, but Leonard (1990) and Gerhart and Milkovich (1990) obtain an elasticity of around 0.005 for top and middle managers.
This article is organized as follows. Section II presents a review of the literature on hierarchical organizations and outlines the main empirical implications to be tested with the available data. Section III presents a description of the sample data and the results of the empirical estimations. The conclusions summarize the main results.
II. Literature Review and Hypothesis
Hierarchical structures can be understood as a collection of labor contracts that link workers of a given level with the subordinates that report directly to them (Holmströ m and Tirole 1989). These contracts induce a level of output Q as a function of the number of direct workers, , and L n the inputs of their hierarchical superiors, which implies an average productivity for each direct worker of . Therefore, , where n is b Qp b L n n n the lowest level, direct workers. Let be the decrease in average productivity of direct
workers that takes place when the hierarchy changes from levels to j levels, and let be the number of subordinates at level
that report to one manager of level j, that is, the span of control. j ϩ 1 Thus, the output of the hierarchy may be written as
where b is the productivity of top management, . Notice that can j p 0 a j also be interpreted in terms of loss of control at level j (Williamson 1967) .
We assume that is not fixed, but depends on the span of control a t j j and on the differences of human capital endowment accumulated from the top of the hierarchy to the direct subordinates of the manager in z 0 level j, :
the span of control and increases with the human capital endowment t j of the direct subordinates, . Normalizing the talent of top managers z jϩ1 to one and substituting in the production function above, we obtain nϪ1 nϪ1
3 Actually, this is equivalent to assuming that when and/or , su- We can therefore define as the elasticity of substitution between j j, jϩ1 managers of level j and their subordinates in level , for a given level j ϩ 1 of output, Beckmann (1977) and Rosen (1982) assume that the elasticity of substitution above is a fixed parameter exogenous to the decisions of the firm. We argue that firms can choose the elasticity of substitution by modifying the differences in human capital endowments between consecutive levels.
The profit-maximization problem of the firm will be written as
subject to 1 ≥ z ≥ 0, and t ≥ 1,
where is the price of output and is the salary of workers at level j, p w j which depends on workers' human capital endowment, . We
assume that is increasing and is a convex function of , that is, there f(z ) z j j are decreasing returns in the production of managerial talent.
4 Qian (1994) and Calvo and Wellisz (1978) use efficiency wage arguments to assume that managerial effort is endogenous. Their assumpe j tions can easily be incorporated into our model by identifying loss of control with level of effort, . The effective productivity
of managers in level , compared with the effort of supervisors in level j ϩ 1 j, decreases with the span of control (supervision) and increases with compensation. The variable is now interpreted as the response of effort z j to changes in salary, .
Appendix A shows that, at the profit-maximizing solution, the value of increases as j approaches the top of the hierarchy, but at a decreasing z j rate, . The first result implies that,
in the optimal solution, compensation increases as one moves to the top of the hierarchy, . The second result is explained by the convexity
The pattern of human capital allocation implies that, in the profit-maximizing solution, the elasticity of substitution between managers and direct subordinates will be higher than one,
Moreover, we also know that in the optimal solution, the ratio of total input costs will be equal to the elasticity of substitution between inputs,
Equation (1) has two clear implications. First, the span of control will be greater than one, and consequently the inverted tree t p L /L j j ϩ1 j structure of the hierarchy emerges; this result comes from and
. Second, if we compare span of control in j, , with the com-
, that is, the span of control will be larger than the compensation ratio. 1 Finally, notice that a simple extension of our model has implications for the relation between compensation and number of total subordinates reporting to managers placed at different hierarchical levels and firms. For this purpose, we assume that firms differ in the number of hierarchical levels, , so the compensation of the manager allocated at hierarchical n i level j in the firm will be i
In order to simplify, we assume that direct worker compensation is the same for all the firms, , that the compensation ratios and the span of control are also constant for all the firms and hierarchical levels, , , and, consequently, . Under these assumptions,
the number of direct workers commanded by a manager at the hierarchical level j and firm i will be , and the managers' compensation can
be written as
Taking into account that the elasticity of substitution among managers and their direct subordinates is greater than one, , the elasticity t/b p j 1 1 of managers' compensation with respect to number of direct workers commanded by the manager, will be less than one, . (ln b/ ln t) ! 1 Equation (2) generalizes a result of Rosen (1982) to multilevel hierarchies and to the case of endogenously determined elasticity of substitution. Rosen shows that, in a two-level hierarchy, a sufficient condition for an elasticity of manager compensation to the number of direct workers lower than one is an elasticity of substitution among managers and direct workers higher than one; however, the value of this elasticity is not derived from the model.
In the argumentation above, the differences in the number of direct workers among firms only derive from extensions of the hierarchical levels. Obviously, differences in the span of control can also exist between firms and among positions inside a given firm. How important the number of hierarchical levels are, compared with heterogeneity within firms and among firms in span of control, when determining the observed differences in firm size is a relevant empirical question.
Extensions
The predictions that salaries increase with hierarchical level and that the span of control in each level is greater than one are also obtained from models that assume homogeneous workers and different levels of effort, as in Calvo and Wellisz (1979) and Qian (1994) . Of course, we could have situations where managers differ in both human capital and effort. Calvo and Wellisz (1979) allow for differences in the quality of supervision in a model with a fixed number of hierarchical levels. They find that managers who are more able should be placed in higher hierarchical positions, earn higher salaries, and command larger spans of control. The third prediction, that the optimal span of control increases with the hierarchical level, does not follow from our model, which tells us nothing about the evolution of the span of control, of the increase in salaries, or of the elasticity of substitution among managers and subordinates throughout hierarchical levels.
The information-processing model of the managerial function developed by Geanakoplos and Milgrom (1991) shows that the ablest managers will be allocated to the top of the hierarchy only when their decisions affect the subsequent information processing of their subordinates. In these cases, the authors point out that certain substitutions can exist between managerial abilities and span of control, something that is also captured in our framework.
Another issue, ignored in the model, is the possible use of the tournament type of incentives to extract greater managerial effort. By attaching higher salaries to higher hierarchical positions and filling vacancies with the worker who exerts more effort at the level below, a strong incentive system is created, which will stimulate effort with low direct supervision. These are the foundations of the tournament theory, put forward by Lazear and Rosen (1981) . Salaries are again attached to jobs, but no prediction is made with respect to the implications for decision on the span of control in the hierarchy. Rosen (1986) goes on to develop a model with an elimination tournament structure, and predicts that the shape of the compensation function throughout hierarchical levels should present a "convex shape," that is, compensation increases should be higher at the upper levels of the hierarchy.
Empirical Predictions
The presentation above makes clear predictions about the evolution of span of control and compensation within hierarchies. We now summarize these predictions before proceeding to the empirical analysis.
i) The span of control is greater than one and may be higher in upper hierarchical positions than in lower ones (as in the Calvo and Wellisz [1979] model). ii) Compensation increases with the hierarchical level, and the rate of increase may be higher in top hierarchical positions if tournament effects are present. iii) In any hierarchical position, managers' span of control will be higher than the ratio between managers' compensation and that of their direct subordinates. This result is implied by an elasticity of substitution between managers and their direct subordinates, higher than one. iv) Differences in human capital endowment should explain most of the variance of compensation throughout hierarchical levels, if firms use managerial talent to increase productivity. Under the pure incentive effects of hierarchy, the variance of compensation throughout hierarchical levels should be independent of human capital endowments. The same arguments apply to the influence of human capital endowments on the level of responsibility (number of subordinates) assigned to each manager. v) The elasticity of managerial compensation to the size of resources commanded by the manager is lower than one in all managerial positions. However, the importance of intralevel versus interlevel variability in determining this elasticity is an empirical question. The answer will tell us about the sources of difference in the size of firms, difference in the number of hierarchical levels, and difference in span of control within levels.
III. The Empirical Evidence
Most of the empirical predictions in the previous section can be tested using data from a single firm. In fact, Baker et al. (1993) present descriptive statistics about compensation and span of control of a single firm over time that are consistent with our predictions i-iii. However, our database concerns managers from different firms, and at the same time, the number of managers from the same firm is very low; firm-by-firm analysis is therefore not viable. Account will be taken of interfirm heterogeneity and the estimated values of the span of control and salary ratios will be averages across firms after controlling for firm-specific effects. However, we have information about human capital variables for each manager, and therefore it is possible to investigate how important these variables are in explaining the pattern of managerial talent allocation and compensation (prediction iv). Finally, we can relate our results with previous empirical evidence on the elasticity of compensation to the size of resources controlled by a manager and decompose it into interlevel and intralevel effects (prediction v).
The origin of our database is similar to that used by Leonard (1990) and Gerhart and Milkovich (1990) , in the sense that has been provided by a consulting firm on human resources, Ingenieros Consultores Sociedad Anó nima. We have information about 9,694 managers distributed throughout 669 Spanish firms and six hierarchical levels, starting from the position of the general manager. Although average firm size in the sample is much smaller than the average size in American samples (569 employees and $138.5 million in sales compared with 30,000 employees and $5 billion in sales), the sample is still biased toward relatively large firms. 5 The data are pooled for the years 1990, 1991, and 1992, which implies that some firms may be repeated. However, reasons of confidentiality do not allow us to know the identity of each firm. 6 We have some information of a personal character (education, age, job tenure) for each manager, as well as a description of his or her job (compensation, hierarchical level, and the functional area inside the firm-production, marketing, finance, and personnel). Table 1 presents the descriptive statistics of the variables considered in the analysis. Notice that compensation includes only base salary plus bonuses, although other forms of compensation such as shares in the firm, stock options, and so on, were very rare in Spain in the early 1990s and were basically nonexistent for middle-level managers.
One important variable in our analysis is the level of the manager in the organizational hierarchy. The questionnaire sent to the firms asks for the manager whose compensation data are requested, to be placed in one of six hierarchical levels-starting from the general manager, followed by division manager, functional area manager, and three consecutive hierarchical levels below the functional area manager in each area. The hierarchical levels do not explicitly refer to compensation levels, but there is no way of knowing to what extent the levels respond to the actual steps followed by the managers in being promoted within the firm, as in Baker et al. (1993 Baker et al. ( , 1994a . However, it is reasonable to assume that we should be closer to the description of the hierarchy in Baker et al., for a single firm, than to the hierarchy in Main et al. (1993) and Eriksson (1999) , where only managers in very top positions are considered, that is, vice presidents who compete for the job of CEO. We should also bear in mind that we have a large number of small firms in our sample, and therefore, in some job positions only a few firms will register observations. As we will show below, this is taken into account in the measurement of compensation ratios and spans of control in each hierarchical position. A more general issue is the use of single-firm or multifirm data to test propositions about internal labor markets and firm's organization. Having complete data on job positions and compensation for a single firm over time, as in Baker et al. (1994a Baker et al. ( , 1994b , avoids interfirm heterogeneity and captures time dynamics. Static data from managers belonging to many firms and jobs allow us to make interfirm comparisons and to introduce small firms into the analysis. The theoretical propositions are all static and concern common points of the hierarchical design of any organization; in this case, therefore, it is important to test the propositions for a range of different organizations. Previous empirical evidence shows that organizational hierarchies tend to be stable over time (Baker et al. 1994a) , and therefore the static nature of our analysis should not be an obstacle to generalizing the results.
Nevertheless, firms in our database have different hierarchical structures, and for some job positions, we only have information for a limited sample of managers. This means that heterogeneity across firms deserves special attention and our article develops a specific methodology to deal with this. The recognition of heterogeneity is also important in correctly interpreting certain empirical evidence obtained from aggregated firmlevel data, such as the elasticity of general mangers' compensation to the size of the firm.
Compensation, Span of Control, and Elasticities of Substitution
We first concentrate on the evolution of salaries and span of control throughout the hierarchy (empirical predictions i-iii). In accordance with the theoretical model, general managers are assigned to level 0, and the salary of the lowest hierarchical level is exogenous. Define as the total w 5, i compensation of managers in level 5 at firm i, the lower level for which information is available. The wage of manager k at the hierarchical level j of the firm i, can be expressed, in logs, as 
where is a dummy variable capturing firm-specific effects and is equal E i to one for managers of firm i, and is otherwise zero. The coefficient provides an estimation of manager compensation in the lowest t p ln w The model takes into account the data limitation due to missing information on managers in certain positions and due to differences in firm size. Consider the case of missing information in level 4 of firm i. In this case, firm i will be included to estimate compensation increases between levels 5 and 3, but not in computing compensation increases between hierarchical levels 5 and 4 or 4 and 3. However, if a firm is small and only has managers at level 4, this firm will not be considered when computing salary increases between hierarchical levels 4 and 5. Therefore is estimated by taking into account the fact that compensation at ln w 5, i level 4 for this firm i will be . It is not therefore necessary ln w ϩ ln b
to have full information on all the hierarchical levels for each firm in order to estimate the model. In this way, we can work with firms of different sizes and with missing values, as is the case for the great majority of our firms, according to columns of "firms" and "cases" in table 1.
Once has been estimated, the rate of increase in compensation bea j tween levels j and , , is computed as j ϩ 1 lnb p ln w /w
Similarly, we can estimate the equations
and obtain the logs for span of controlˆˆl
and elasticity of substitutionˆl
The percentage of the variance in compensation explained by the dummy variables of firms and level is reasonably high, at around 80%. The estimation of average span of control (in logs) and average elasticity of substitution (also in logs), across firms and levels, also shows reasonably high , except in the area of production.
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The empirical results are consistent with theoretical predictions. Compensation increases as we move to the top of the hierarchy and the span of control and elasticity of substitution between managers and their direct subordinates are both greater than one.
Notice also that, with the exception of division managers with respect to functional area managers, the rate of increase in salaries is higher in the top positions of the hierarchy, as the tournament theory predicts. However, the magnitude of these increases is much lower than in other tournament studies. For example, Main et al. (1993) estimate an increase of 150% in compensation for the CEO with respect to the first vice president, and we obtain increases of less than 50% for the general man-7 Equation (3) was estimated with the null hypothesis of constant and equal ln b j for all j. This hypothesis was rejected at the 1% level of statistical significance. ager with respect to the division manager.
8 Figure 1 shows the evolution of estimated average compensations throughout hierarchical levels, consistent with the "convexity" predicted by the tournament theory.
According to table 2, tends to be higher for the top hierarchical ln t j positions, 9 which would be consistent with the supervision and talent allocation model of Calvo and Wellisz (1978) . Finally, a value of significantly different from zero confirms that average compenln j j, jϩ1 sation ratios are lower than the average span of control as the model b t j j predicts. The estimated value for elasticity of substitution is higher at the j j, jϩ1 position of the general manager.
10 According to the model, this means that, at the top of the hierarchy, the same increase of managerial talent requires greater compensation increments than at lower levels (the cost function of producing talent is more convex).
The Explanatory Power of Human Capital Variables
If human capital variables were unimportant in explaining the allocation of managers to hierarchical positions, with the resulting implications for 8 Differences in average sizes for firms across samples and in their institutional environments (ownership and governance) may explain these differences.
9 Equation (4) was estimated with the null hypothesis of constant and equal ln t j for all j. The hypothesis was rejected at the 1% level of statistical significance.
10 Equation (5) was estimated with the null hypothesis of constant and ln j j, jϩ1 equal for all j. The hypothesis was rejected at the 1% level of statistical significance. Managerln b jl n t jl n j j,jϩ1l n b jl n t jl n j j, jϩ1l n b jl n t jl n j j, jϩ1l n b jl n t jl n j j, jϩ1
General . compensation and responsibility (resources under their control), then we would find evidence in favor of the hypothesis that hierarchies respond to the objective of providing incentives for homogeneous workers. Methodologically, we want to test what part of the explanatory power of hierarchical levels is due to differences in human capital endowment throughout hierarchical levels, when it comes to explaining differences in compensation and the number of total subordinates of a given manager (our measure of resources controlled). To do so, we add our information on the human capital of each manager (formal education categorized in university graduates, , university undergraduates, , and others; age, S S 1 2
; and job tenure, an) to the equations of compensation and number of h subordinates postulated above. Next, we decompose the total variance explained by these equations into that part explained by hierarchical levels , firm-specific effects , human capital variables,
, and all possible combinations among the three. shows the results of the exercise. The first three rows indicate the contribution to the of the regression, 2 R when each variable is added to the model and the other two are already included. As is the case in other studies (see Leonard 1990) , human capital variables add little explanatory power when we control for levels and firms (between 2% and 3.5% in the case of compensation and almost zero in the case of number of subordinates). Nevertheless, this accounts only for variability within hierarchical levels. To evaluate the full contribution of human capital variables, we also have to take into account the explanatory power between hierarchical levels, which is part of the interaction effects.
Row 5 provides this information. In the case of compensation, the interaction between levels and human capital explains around 50% of the variance explained by hierarchical levels (0.2736/[0.3131 ϩ 0.2736 Ϫ in the area of production). This means that half 0.0045 Ϫ 0.0196] p 0.49 of the total explanatory power attributed to levels (half of the 57% in the functional area of production) is due to differences in human capital endowment throughout hierarchical levels. The proportion is quite similar across functional areas and when we consider the number of subordinates.
The explanatory power of human capital variables, variance in compensation and number of subordinates is more than 10 times higher when it comes from differences in human capital endowments throughout hierarchical levels, than when it comes from differences in human capital within a hierarchical level. The hypothesis of human capital as determinant of managerial allocation in hierarchies is difficult to reject. Although the fact that the remaining half of the variance explained by hierarchical levels is due to other (unknown) factors leaves room for incentive effects, such as those predicted by the efficiency wage and tournament literature. However, it should be noted that the information on human capital is limited 
. For example, in the case of compensation, , is the percentage of
the compensation variance explained by the equation
The expression is the percentage of the compensation variance explained by 
(we do not have details on investment in training different from university degrees) and a part of these unknown factors could also be related to differences in human capital endowments.
The Elasticity of Compensation to Size
Many papers have documented the fact that CEOs' compensation increases with the size of the firm they manage.
11 Moreover, the elasticity of compensation (salary and bonus) to size (sales, assets, and employees) clusters around the estimated value of 25% and is always lower than one (see Rosen 1992) . The human capital perspective of wage formation and managerial talent allocation presented immediately above explains this 11 Murphy (1985) shows that this result is quite robust to the inclusion of performance variables and firm-specific effects to the regression model.
evidence. There are, however, a few additional issues worth considering. Is elasticity of compensation to size lower than one for managers in each level of the hierarchy? What are the main determinants of this elasticity, interlevel or intralevel variability of compensation and span of control?
To answer these questions, we consider a hypothetical sample of managers in which manager k receives compensation and has a total number w k of direct and indirect subordinates equal to . The elasticity of com-A k pensation to number of subordinates would be estimated by ordinary least squares regression of the log-linear model, sistent with many combinations of b and t. Simon (1957) considers that reasonable values for b and t are 1.5 and 3, respectively, which implies a value of , higher than the empirical regularity of 0.25 observed c p 0.37 1 in most studies with U.S. data.
The homogeneity conditions assumed above will, in general, not be satisfied and managers will most probably come from heterogeneous hierarchies in terms of number of levels, observations in each position, compensation, and span of control. Appendix B shows how such heterogeneity determines the value of compensation elasticity to number of subordinates, . Table 4 shows the results of estimating compensation elasticity to the number of subordinates , and of applying the two decomposition proc 1 cedures just described, with our data on Spanish managers. 12 The elasticity of compensation to number of subordinates obtained for all the managers in the sample is higher than the elasticity of compensation to size (saleŝ c 1 or employees) obtained with general managers only. In fact, is higher c 1 than any , which implies that interlevel effects are relevant to es-ĉ c The main conclusion from this analysis is that the intralevel elasticity of compensation to size, although significant, is very low compared with the interlevel elasticity of compensation. Leonard (1990) and Gerhart and Milkovich (1990) obtain even lower intralevel elasticity, with values at around 0.005, 10 times lower than ours. This result suggests that differences in firm size are basically due to differences in the extension of hierarchical levels, and much less to differences in the span of control at the various hierarchical levels. This fact explains that the elasticity of compensation to size, computed with data on compensation and span of control in homogeneous hierarchies, is much higher than the elasticity obtained by pooling heterogeneous managerial data, as is the case with equation (6). Actually, with our data, the implicit elasticity in the estimated values of and obtained for each hierarchical position is around ln b ln t j j 0.30 in the hierarchy ranging through the functional areas outside production (marketing, finance, personnel) and is 0.45 in the hierarchy ranging from general management through production. These results imply differences in substitution elasticity across functional areas, a fact also reflected in table 2. According to the model, the same increase of managerial talent in the functional area of production requires lower compensation increments than in the rest of functional areas (the cost function of producing talent is less convex in the functional area of production).
IV. Conclusion
Although hierarchical organizations are characterized by the distribution of salaries and spans of control in job positions, most of the previous research has focused only on the distribution of salaries. The span of control, and especially its relation with compensation, has been neglected. Our article provides estimations of interlevel compensation ratios and span of control from a sample of Spanish managers with job positions from general managers down to level 4 in a given functional area. The interpretation and implications of the estimated values are derived from extensions of models that view the hierarchy as a coordination device, allowing the hiring of more talented, and therefore more expensive, managers to reduce control losses or increase information-processing capabilities.
In our empirical framework, compensation and span of control in each point of the hierarchy will be jointly determined as the profit-maximizing solution to the managerial allocation problem, where the exogenous variable is the cost of contracting a manager of a given talent. Firms prefer to allocate managers who are more talented to higher hierarchical positions, but talent increases at a decreasing rate. This also implies that, in the optimal solution, the span of control in each position and the elasticity of substitution between managers of two consecutive hierarchical levels are both greater than one. The empirical implication of these results is that the positive association observed between managers' compensation and number of subordinates under their control (size of the firm) obeys the fact that the ablest managers earn higher salaries and occupy higher hierarchical positions.
The empirical evidence from a sample of Spanish firms and managers is consistent with these predictions. Average increases in compensation between consecutive hierarchical levels are all positive and significantly different from zero, and the average estimates of span of control and implicit substitution elasticity between subordinates and their direct managers are greater than one. The article also finds that the explanatory power of human capital variables in empirical models of the determinants of compensation and resources controlled by managers (around 30% of dependent variable variance) can be attributed almost entirely (90%) to differences in human capital endowment throughout hierarchical levels. The rest would be due to differences in human capital endowments within levels. This also means that half of the explanatory power of hierarchical levels, when the dependent variables are compensation and the number of subordinates, can be attributed to the fact that the average endowment of human capital increases as one gets closer to the top of the hierarchy.
Therefore, theories that consider human capital variables as determinants of managers' differences in compensation and level of responsibility within organizations cannot be rejected with our data. Of course, there is still room for other theories that explain differences in compensation throughout hierarchical levels in terms of the need to provide incentives for managers' efforts.
The paper also looks at the empirical evidence for the relationship between CEO compensation and the size of the firms. Rosen (1982) modeled this relation in a two-level hierarchy where the elasticity of substitution between managerial talent and direct workers was exogenous. In our framework, this elasticity is endogenously determined by the decision of the firm as regards the amount of human capital (talent) allocated in each hierarchical position. Under convex cost functions of producing human capital, in the optimal solution the elasticity of substitution will be greater than one. For this reason, the ratio between the manager compensation and that of their direct subordinates will be lower than the managers' span of control. Consequently, in a pooled sample of managers, the elasticity of compensation to the size of the resources they manage will be lower than one. The article decomposes the estimated elasticity from pooled samples in different ways, which show that the interlevel effects are more important than those of the intralevel in determining the observed elasticity of compensation to size. This means that differences in the size of firms are due to differences in hierarchical levels, rather than to differences in span of control within levels.
One important limitation of our data is that the number of observations from the same firm is fairly small and that we cannot observe the evolution of the managers over time. For this reason, we cannot replicate studies such as those of Baker et al. (1994a Baker et al. ( , 1994b at the firm level, nor can we provide estimates of wage increases and span of control within each firm in the sample. However, we are able to obtain average estimates of the relevant variables across firms and job positions, and our empirical models explain a considerable part of the variance in compensation and subordinates within the sample. Moreover, we can provide evidence on the importance of properly accounting for intrafirm heterogeneity when performing measurements using firm-level data.
iii) Placing a manager with the highest talent in level 1,
, Var (ln A N ) .
